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(57) ABSTRACT

A detection device that includes a light emitting part that
outputs coherent light, a first light receiving part that gen-
erates the first detection signal according to a light reception
level of the coherent light output from the light emitting part
and passing through an artery of the measurement site, and
a second light receiving part that generates the second
detection signal according to the light reception level of the
coherent light output from the light emitting part and passing
through the artery, wherein the light emitting part, the first

light receiving part, and the second light receiving part are
provided on a detection surface facing the measurement site
and located on a straight line, and are located at an equal
distance from the light emitting part on opposite sides to
cach other with the light emitting part in between.
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1

DETECTION DEVICE AND MEASURING
APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a technology for measur-
ing biological information.

2. Related Art

In related art, various measurement techniques of non-
invasively measuring biological information by light radia-
tion to a living organism are proposed. For example, Patent
Document 1 (JP-A-2006-75354) discloses a configuration 1n
which light output from a light emitting window and
reflected within a living organism 1s respectively recerved by
a plurality of light recerving windows and biological infor-
mation on blood 1s generated from light reception results.

Now, a depth within a living body at which light reaching
a light receiving point from a light emitting point passes
changes according to a distance between the light emitting
point and the light receiving point. In the configuration in
which distances between the light emitting window and the
respective light receiving windows are different as disclosed
in Patent Document 1, the light output from the light
emitting window passes through at different depths from one
another within the living organism and reach the respective
light receiving windows. Therefore, there 1s a problem that
biological information largely varies according to types of
tissues, density of blood vessels, etc. 1n parts within the
living organism through which the light reaching the respec-
tive light receiving parts have passed.

Further, depending the positions 1n which the light emat-
ting window and the light receiving windows are placed
with respect to the living organism, there 1s a problem that
it 1s hard to receive the light passing through the blood
within the living organism and accuracy of the biological
information on the blood 1s lower.

An advantage of some aspects of the invention 1s to
generate biological information on blood flow of an artery
with higher accuracy.

SUMMARY

A detection device according to a {first aspect of the
invention 1s a detection device that generates a first detection
signal and a second detection signal used for specification of
biological information on blood tlow of a measurement site,
including a light emitting part that outputs coherent light, a
first light receiving part that generates the first detection
signal according to a light reception level of the coherent
light output from the light emitting part and passing through
an artery of the measurement site, and a second light
receiving part that generates the second detection signal
according to the light reception level of the coherent light
output from the light emitting part and passing through the
artery, wherein the light emitting part, the first light receiv-
ing part, and the second light receiving part are provided on
a detection surface facing the measurement site and located
on a straight line, and the first light recerving part and the
second light receiving part are located at an equal distance
from the light emitting part on opposite sides to each other
with the light emitting part in between. In the above
described configuration, the respective first light receiving
part and second light receiving part are provided in the
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positions at an equal distance from the light emitting part,
and thereby, the coherent light reaching the respective first
light receiving part and second light receiving part from the
light emitting part passes through at nearly equal depths
inside of the measurement site. Therelore, compared to a
configuration including two light receiving parts at different
distances from the light emitting part, the detection signals
for higher-accuracy specification of the biological informa-
tion on the blood tlow of the artery may be generated.

In a preferred example of the first aspect, the first light
receiving part and the second light receiving part are located
at a distance from 0.5 mm to 3 mm from the light emitting
part. In the above described configuration, the first light
receiving part and the second light recerving part are located
at the distance from 0.5 mm to 3 mm from the light emitting
part. Therefore, compared to a configuration in which the
distance between the respective first light receiving part and
second light recerving part and the light emitting part 1s
smaller than 0.5 mm or larger than 3 mm, the first detection
signal and the second detection signal having higher SN-
ratios can be generated.

In a preferred example of the first aspect, the first light
receiving part and the second light receiving part are located
at a distance from 1 mm to 1.5 mm from the light emitting
part. In the above described configuration, the first light
receiving part and the second light recerving part are located
at the distance from 1 mm to 1.5 mm from the light emitting
part. Therefore, compared to a configuration in which the
distance between the respective first light receiving part and
second light recerving part and the light emitting part 1s
smaller than 1 mm or larger than 1.5 mm, the first detection
signal and the second detection signal having significantly
higher SN-ratios can be generated.

A detection device according to a second aspect of the
invention 1s a detection device that generates detection
signals used for specification of biological information on
blood flow of a measurement site including a plurality of
detection parts, each of the plurality of detection parts
includes a light emitting part that outputs coherent light, a
first light receiving part that generates a first detection signal
according to a light reception level of the coherent light
output from the light emitting part and passing through the
measurement site, and a second light receiving part that
generates a second detection signal according to the light
reception level of the coherent light output from the light
emitting part and passing through the measurement site,
wherein the light emitting part, the first light recerving part,
and the second light receiving part are provided on a
detection surface facing the measurement site and located on
a straight line, and the first light receiving part and the
second light receiving part are located at an equal distance
from the light emitting part on opposite sides to each other
with the light emitting part in between, and, of the plurality
ol detection parts, a straight line connecting the first light
receiving part and the second light receiving part of one
detection part and a straight line connecting the first light
receiving part and the second light recerving part of the other
detection part are parallel to each other on the detection
surface. In the above described configuration, in each of the
plurality of detection parts, like the detection device of the
first aspect, the coherent light reaching the respective first
light receiving part and second light receiving part from the
light emitting part passes through at nearly equal depths
inside of the measurement site. Therefore, like the detection
device of the first aspect, compared to a configuration
including two light receiving parts at different distances
from the light emitting part, the detection signals for higher-
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accuracy specification of the biological information on the
blood flow of the artery may be generated. Further, in the
second aspect, the plurality of detection parts each including
the light emitting part, the first light receiving part, and the
second light recerving part are provided, and a plurality of
detection signals according to states of diflerent positions of
the living organism can be generated.

A measuring apparatus according to a preferred aspect of
the mvention 1s a measuring apparatus that specifies bio-
logical information on blood flow of a measurement site,
including a light emitting part that outputs coherent light to
the measurement site, a first light recerving part that gener-
ates a first detection signal according to a light reception
level of the coherent light output from the light emitting part
and passing through an artery of the measurement site, a
second light receiving part that generates a second detection
signal according to the light reception level of the coherent
light output from the light emitting part and passing through
the artery, and a specification part that specifies the biologi-
cal information from the first detection signal and the second
detection signal, wherein the light emitting part, the first
light receiving part, and the second light recerving part are
provided on a detection surface facing the measurement site
and located on a straight line, and the first light receiving
part and the second light receiving part are located at an
equal distance from the light emitting part on opposite sides
to each other with the light emitting part 1n between. In the
above described configuration, the distances of the respec-
tive first light recerving part and second light receiving part
from the light emitting part are equal, and thereby, the
coherent light reaching the respective first light receiving
part and second light receiving part from the light emitting
part passes through at nearly equal depths inside of the
measurement site. Therefore, compared to a configuration
including two light receiving parts at different distances
from the light emitting part, the detection signals for higher-
accuracy specification of the biological information on the
blood flow of the artery may be generated. In addition, the
biological information on the blood flow of the artery can be
specified with higher accuracy.

A measuring apparatus according to a preferred aspect of
the 1nvention 1s a measuring apparatus that specifies bio-
logical information on blood flow of a measurement site,
including a belt for attaching the measuring apparatus to the
measurement site, a light emitting part that outputs coherent
light to the measurement site, a first light recerving part that
generates a lirst detection signal according to a light recep-
tion level of the coherent light output from the light emitting,
part and passing through an artery of the measurement site,
a second light recerving part that generates a second detec-
tion signal according to the light reception level of the
coherent light output from the light emitting part and passing
through the artery, and a specification part that specifies the
biological information from the first detection signal and the
second detection signal, wherein the light emitting part, the
first light receiving part, and the second light receiving part
are provided on a detection surface facing the measurement
site and located on a straight line along a width direction of
the belt, and the first light recerving part and the second light
receiving part are located at an equal distance from the light
emitting part on opposite sides to each other with the light
emitting part 1n between. In the above described configura-
tion, the respective first light receiving part and second light
receiving part are provided in the positions at an equal
distance from the light emitting part, and thereby, the
coherent light reaching the respective first light receiving
part and second light receiving part from the light emitting,
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part passes through at nearly equal depths inside of the
measurement site. Therefore, compared to a configuration
including two light receiving parts at different distances
from the light emitting part, the detection signals for higher-
accuracy specification of the biological information on the
blood flow of the artery may be generated. In addition, the

biological information on the blood flow of the artery can be
specified with higher accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 1s a side view of a measuring apparatus according
to a preferred embodiment of the invention.

FIG. 2 1s a configuration diagram with a focus on func-
tions of the measuring apparatus.

FIG. 3 1s an explanatory diagram of positions of a light
emitting part, a first light receiving part, and a second light
receiving part with respect to an artery.

FIG. 4 1s a graph of relationships between distances
between the light emitting part that outputs coherent light
with irradiation intensity of 3 mW/cm? and the light receiv-
ing parts and SN-ratios of detection signals.

FIG. 5 1s a graph of relationships between distances
between the light emitting part that outputs coherent light
with irradiation intensity of 1 mW/cm? and the light receiv-
ing parts and the SN-ratios of the detection signals.

FIG. 6 1s an explanatory diagram showing temporal
changes of blood tlow rate calculated from a first detection
signal and temporal changes of blood tflow rate calculated
from a second detection signal.

FIG. 7 1s a flowchart of processing of specitying blood
pressure by a specification part.

FIG. 8 1s an explanatory diagram of a position relationship
between the light emitting part, the first light receiving part,
and the second light receiving part 1n a modified example.

FIG. 9 1s an explanatory diagram of a position relationship
between the light emitting part, the first light recerving part,
and the second light receiving part 1n a modified example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

FIG. 1 1s a side view of a measuring apparatus 100
according to a preferred embodiment of the imvention. The
measuring apparatus 100 of the embodiment 1s a measuring
instrument that specifies biological information on blood
flow of a subject and attached to a site M to be measured of
the body of the subject (hereinaiter, referred to as “mea-
surement site”). In the embodiment, blood pressure mea-
sured with a wrist of the subject as the measurement site M
1s exemplified as biological information on blood tlow.

The measuring apparatus 100 of the embodiment 1s a
wristwatch-type portable apparatus including a belt 14
wrapped around the measurement site M and a casing part
12 fixed to the belt 14, and can be attached to the wrist of
the subject by wrapping the belt 14 around the wrist as an
exemplification of the measurement site M. The measuring
apparatus 100 of the embodiment 1s in contact with a surface
16 of the wrist of the subject. An artery A exists iside of the
measurement site M. The artery A 1s e.g. aradial artery along
the inside of the radius on the thumb side or an ulnar artery
along the ulna of on the little-finger side. The blood 1n the
artery A flows from the upper arm (shoulder) side F1 to the

forearm (hand) F2 side as exemplified in FIG. 1.
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FIG. 2 1s a configuration diagram with a focus on func-
tions of the measuring apparatus 100. As exemplified in FIG.
2, the measuring apparatus 100 of the embodiment includes
a control device 20, a memory device 22, a display device
24, and a detection device 26. The control device 20 and the
memory device 22 are provided inside of the casing part 12.
As exemplified 1n FIG. 1, the display device 24 (e.g. a liquid
crystal display panel) 1s provided on a surface of the casing
part 12 (e.g. a surface opposite to the measurement site M)
and displays various 1mages including measurement results
under the control of the control device 20.

The detection device 26 1in FIG. 2 1s a sensor module that
generates detection signals S according to the states of the
measurement site M, and provided on e.g. a surface 28 of the
casing part 12 facing the measurement site M (hereiafter,
referred to as “detection surface”). The detection surface 28
1s a flat surface or curved surface. The detection device 26
of the embodiment generates a first detection signal S1 and
a second detection signal S2 used for specification of the
biological mnformation on blood flow. The detection device
26 1ncludes a light emitting part E, a first light receiving part
R1, and a second light recerving part R2 as exemplified 1n
FIG. 2. The light emitting part E, the first light receiving part
R1, and the second light receiving part R2 are provided on
the detection surface 28 facing the measurement site M.
Note that the first light receiving part R1 and the second light
receiving part R2 are collectively described as “light receiv-
ing parts R” when 1t 1s not necessary to particularly distin-
guish the first light receiving part R1 and the second light
receiving part R2.

The light emitting part E emats light. The light output by
the light emitting part E of the embodiment 1s e.g. coherent
light with high coherence. For example, a VCSEL (Vertical
Cavity Surface Emitting LASER) that outputs coherent light
from the detection surface 28 1n a perpendicular direction to
the measurement site M 1s preferably used as the light
emitting part E. The light emitting part E of the embodiment
outputs coherent light having a wavelength of 850 nm and
irradiation intensity equal to or less than 3 mW/cm” to the
measurement site M.

The coherent light output from the light emitting part E
enters the measurement site M and 1s repeatedly retlected
and scattered 1nside of the measurement site M, and exits to
the detection surface 28 side and reaches the first light
receiving part R1 and the second light receiving part R2.
That 1s, the detection device 26 of the embodiment 1s a
reflective optical sensor such that the light emitting part E,
the first light receiving part R1, and the second light receiv-
ing part R2 are located on the same side as seen from the
measurement site M. The first light receiving part Rl
generates the first detection signal S1 according to the light
reception level of the coherent light output from the light
emitting part E and passing through the artery A of the
measurement site M. The second light receiving part R2
generates the second detection signal S2 according to the
light reception level of the coherent light output from the
light emitting part E and passing through the artery A of the
measurement site M. For example, photoelectric conversion
clements such as photodiodes (PDs) that receive light on
light recerving surfaces facing the measurement site M are
preferably used as the first light receiving part R1 and the
second light recerving part R2.

The artery A of the measurement site M repeatedly
expands and contracts in the cycle equal to that of the
heartbeat. The blood flow rate of the blood within the blood
vessel differs between expansion and contraction, and the
first detection signal S1 and the second detection signal S2
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generated according to the light reception levels from the
measurement site M are pulse wave signals containing
periodic fluctuation components corresponding to a pulsa-
tion component (volume pulse wave) of the artery A of the
measurement site M. Note that the detection device 26
includes e.g. a drive circuit that drives the light emitting part
E by supply of a drive current and an output circuit (e.g. an
amplification circuit and an A/D converter) that amplifies
and A/D-converts the output signals of the first light receiv-
ing part R1 and the second light recerving part R2, however,
the respective circuits are not shown in FIG. 1.

FIG. 3 1s an explanatory diagram of positions of the light
emitting part E, the first light receiving part R1, and the
second light recerving part R2 with respect to the artery A.
As exemplified 1n FIG. 3, the light emitting part E, the first
light receiving part R1, and the second light receiving part
R2 are located on a straight line X along the artery A 1n a
plan view (as seen from a direction perpendicular to the
detection surface 28). In other words, the configuration may
be a configuration 1n which the light emitting part E, the first
light receiving part R1, and the second light recerving part
R2 are linearly arranged. The straight line X 1s a straight line
substantially parallel to the direction in which the artery A
extends (the axis line direction of the wrist as the measure-
ment site M). Specifically, the respective centers of the light
emitting part E, the first light receiving part R1, and the
second light receiving part R2 are located on the straight line
X 1n the plan view. In FIG. 3, the case where the light
emitting part E, the first light receiving part R1, and the
second light receiving part R2 all completely overlap with
the artery A in the plan view (are located within a range in
the width direction of the artery A) 1s assumed. As exem-
plified 1 FIG. 1, 1n other words, the straight line X may be
a straight line along a width dlrectlon W of the belt 14. That
1s, the light emitting part E, the first light receiving part R1,
and the second light receiving part R2 are located on the
straight line X along the width direction W of the belt 14.
The width direction W of the belt 14 1s a lateral direction 1n
the strip-shaped belt 14, and, in other words, may be a
direction of the center axis of the cylinder with the belt 14
as a side surface.

In the embodiment, as exemplified in the plan view of
FIG. 3, the first light receiving part R1 and the second light
receiving part R2 are located on the opposite sides to each
other with the light emitting part E 1n between. In other
words, the configuration may be a configuration in which the
light emitting part E 1s located on the straight line X
connecting the first light recerving part R1 and the second
light receiving part R2. The first light receiving part R1 1s
located on the upper arm side F1 as seen from the light
emitting part E and the second light receiving part R2 1s
located on the forearm side F2 as seen from the light
emitting part E. That 1s, the first light receiving part R1 1s
located on the upstream side of the artery A and the second
light recerving part R2 1s located on the downstream side of
the artery A. The above described configuration 1s
employed, and thereby, the first light receiving part R1 and
the second light receiving part R2 easily receive the coherent
light passing through the artery A.

In FIG. 3, ranges B 1n which the coherent light reaching
from the light emitting part E to the light receiving parts R
propagates inside of the measurement site M (hereinafter,
referred to as “propagation ranges”) are shown. The propa-
gation ranges B (B1, B2) refer to ranges i which light
having intensity exceeding a predetermined value 1s distrib-
uted (so-called banana shapes). In FIG. 3, the propagation
range B1 of the coherent light reaching from the light
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emitting part E to the first light receiving part R1 and the
propagation range B2 of the coherent light reaching from the
light emitting part E to the second light receiving part R2 are
shown. As exemplified in FIG. 3, the propagation range Bl
and the propagation range B2 tend to overlap with the range
in which the artery A extends in the plan view.

As described above, in the embodiment, the light emitting
part E, the first light receiving part R1, and the second light
receiving part R2 are located on the straight line along the

artery A, and thereby, for example, compared to a configu-
ration 1 which the light emitting part E, the first light
receiving part R1, and the second light receiving part R2 are
not along the artery A, the coherent light passing through the
artery A 1s easily received 1n the first light receiving part R1
and the second light receiving part R2. Therefore, the
detection signals S for higher-accuracy specification of the
biological information on the blood flow of the artery A may
be generated.

Now, depths D (distances from the surface 16 of the
measurement site M) of the propagation ranges B depend on
distances 0 between the light emitting part E and the light
receiving parts R. The distances o are e.g. distances between
centers of the light emitting part E and the light receiving
parts R. There 1s a tendency that, as the distances 0 are larger,
the depths D reached by the light inside of the measurement
site M increase (the light reaches the deeper positions).
When a depth D through which the coherent light received
by the first light receiving part R1 passes and a depth D
through which the coherent light received by the second
light recerving part R2 passes are different, the types of inner
tissues (e.g. epidermis, dermis), density of blood vessels,
ctc. of the measurement site M are different, and optical
characteristics including absorbance and density may be
different. In consideration of the above described circum-
stances, 1n the embodiment, as exemplified in FIG. 3, the
distance 01 between the light emitting part E and the first
light receiving part R1 and the distance 02 between the light
emitting part E and the second light recerving part R2 are
made equal. According to the above described configuration,
the depth D1 of the propagation range B1 of the coherent
light received by the first light receiving part R1 and the
depth D2 of the propagation range B2 of the coherent light
received by the second light receiving part R2 are nearly
equal. Theretfore, the detection signals S for higher-accuracy
specification of the biological information on the blood flow
of the artery A may be generated.

FIGS. 4 and 5 are graphs of relationships between the
distances 0 between the light emitting part E and the light
receiving parts R and SN-ratios of detection signals S (first
detection signal S1 or second detection signal S2) generated
by the light recerving parts R. FIG. 4 shows the case where
the coherent light 1s output with 1rradiation intensity of 3
mW/cm?, and FIG. 5 shows the case where the coherent
light is output with irradiation intensity of 1 mW/cm”. The
SN-ratio refers to an intensity ratio between a signal com-
ponent and a noise component. As the SN-ratio 1s higher, the
detection signal S more preferable for the specification of
the biological information i1s generated. As exemplified in
FIGS. 4 and 5, the SN-ratios indicate higher values when the
distances 0 are from 0.5 mm to 3 mm, and more significant
when the distances are from 1 mm to 1.5 mm. Therefore, the
distance 01 and the distance 62 are set from 0.5 mm to 3 mm,
and more preferably set from 1 mm to 1.5 mm. The above
described configuration 1s employed, and thereby, the first
detection signal S1 and the second detection signal S2 with
higher SN-ratios can be generated.
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The control device 20 i FIG. 2 1s an arithmetic process-
ing unit such as a CPU (Central Processing Unit) or FPGA
(Field-Programmable Gate Array) that controls the entire
measuring apparatus 100. The memory device 22 includes
¢.g. a nonvolatile semiconductor memory and stores pro-
grams to be executed by the control device 20 and various
kinds of data to be used by the control device 20. The control
device 20 of the embodiment realizes a plurality of functions
(specification part 32, reporting part 34) for measuring blood
pressure of the subject by executing the programs stored in
the memory device 22. Note that a configuration in which
the functions of the control device 20 are distributed 1n a
plurality of integrated circuits or a configuration in which
part or all of the functions of the control device 20 are
realized by a dedicated electronic circuit may be employed.
In FIG. 2, the control device 20 and the memory device 22
are shown as separate elements, however, the control device
20 containing the memory device 22 can be realized by e.g.
an ASIC (Application Specific Integrated Circuit) or the
like.

The specification part 32 specifies the blood pressure of
the subject from the first detection signal S1 and the second
detection signal S2 generated by the detection device 26.
FIG. 7 1s a flowchart of processing (heremafter, referred to
as analytical processing) of specitying the blood pressure by
the specification part 32. For example, the analytical pro-
cessing 1n FIG. 7 1s repeatedly executed in a sufliciently
shorter cycle for the pulse rate of the artery A.

When the analytical processing 1s started, the specifica-
tion part 32 calculates a power spectrum ®1(f) with respect
to the first detection signal S1 and a power spectrum D2(f)
with respect to the second detection signal S2 (SA1). For the
calculation of the power spectra ®1(f), ®2(f), a known
technique such as fast Founier transform (FFT) may be
arbitrarilly employed.

The specification part 32 obtains a temporal change of the
blood flow rate Q1 from the calculated power spectrum
®1(f) and obtains a temporal change of the blood flow rate
Q2 from the calculated power spectrum ®2 (f) (SA2). The
blood flow rates (Q1, Q2 are expressed by the following
equation (1), for example. 1d 1s a frequency of a beat signal
generated by interferences between scattered light from the
stationary tissues and scattered light from the moving blood
cells. I 1s light reception intensity of the light receiving parts
R. For example, when the blood flow rates Q1, Q2 are
calculated with respect to each 0.1 msec, the temporal
change of the blood flow rate Q1 and the temporal change
of the blood flow rate Q2 exemplified 1n FIG. 6 are calcu-
lated.

ffd -O(f1)df, )
Q p—

;2

The specification part 32 calculates blood pressure P1 on
the upstream side (1.e., the first light receiving part R1 side)
from the calculated blood tflow rate Q1 and blood flow rate
Q2 (SA3). For example, the blood pressure P1 1s expressed
by the following equation (2). Zc¢ 1s impedance of the artery
A, o 1s an angular frequency, v 1s a propagation constant, A
1s a distance between two points of the first light receiving
part R1 and the second light receiving part R2 (1.e., a sum
of the distance 61 and the distance 62).
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Q1 (w)coshyA — Oz(w) (2)

Pulw) = Zc sinh yA

The propagation constant v 1s expressed by the following
equation (3). C 1s compliance of the artery A, 1 1s vascular
resistance, L 1s inertance of the artery A, p 1s density of
blood, C is a vascular cross-sectional area, 1 is a coeflicient
of viscosity, and PWYV 1s a pulse wave velocity. The density
p varies little among individuals and 1s set to a predeter-
mined value (e.g. 105 Kg/m?). The vascular cross-sectional
area C 1s calculated using e.g. a statistical value (2.5 mm to
3.0 mm) of the vascular diameter 1n the radial arteries of
adults. The coeflicient of viscosity 1 varies little among
individuals and 1s set to a predetermined value (e.g. 0.004
Pa-S). The pulse wave velocity PWYV can be calculated by
¢.g. division of the distance between two points A by an
amount of shift AT between the wavelorm rise times of the

blood flow rate Q1 and blood flow rate Q2 exemplified in
FIG. 6 (PWV=A/AT).

87 )2 (3)

p-{-PWVE  PWV2

y =V jwCW¥ + jwl) = \/jw

The impedance Zc¢ of the equation (2) 1s expressed by the
following equation (4).

¥+ jwl
joC

The specification part 32 generates a time sequence of the
blood pressure P1 (i.e. blood pressure wavetform) by repeat-
ing the analytical processing exemplified as above 1n a
predetermined cycle. The reporting part 34 allows the dis-
play device 24 to display the blood pressure P1 specified by
the specification part 32. Specifically, the reporting part 34
specifies the highest blood pressure and the lowest blood
pressure from the blood pressure wavelorm generated by the
specification part 32 and allows the display device 24 to
display the highest blood pressure and the lowest blood
pressure. Note that a configuration in which the reporting
part 34 reports a warning to the user when the blood pressure
P1 changes to a numeric value beyond the predetermined
range 1s also preferable.

As described above, in the embodiment, the light emitting
part E, the first light receiving part R1, and the second light
receiving part R2 are located on the straight line X along the
artery A, and thereby, for example, compared to a configu-
ration in which the light emitting part E, the first light
receiving part R1, and the second light receiving part R2 are
not along the artery A, the first light receiving part R1 and
the second light recerving part R2 easily receive the coherent
light passing through the artery A. Therefore, the detection
signals S for higher-accuracy specification of the biological
information on the blood flow of the artery A can be
generated. Further, in the embodiment, the respective {first
light recerving part R1 and second light receiving part R2 are
provided 1n the positions at which the distances 0 from the
light emitting part E are equal. According to the above
described configuration, the coherent light passes through at
the nearly equal depths D 1nside of the measurement site M,
and thereby, compared to a configuration including two light
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receiving parts at distances from the light emitting part E
different from each other, the detection signals S for higher-

accuracy specification of the biological information on the
blood flow of the artery A may be generated. As will be
understood from the above explanation, 1n the embodiment,
the biological information on the blood flow of the artery A
may be specified with higher accuracy.

For example, when detection signals are generated from
micro vessels such as capillaries existing in a wide range, 1t
1s necessary to provide many light receiving parts. On the
other hand, according to the configuration of the embodi-
ment 1n which the detection signals S of the artery A
extending 1n a thicker and narrower range than that of the
micro vessels, compared to the configuration of generating
the detection signals from the micro vessels, the number of
light recerving parts maybe reduced. In addition, downsizing
and power saving of the detection device 26 and the mea-
suring apparatus 100 can be realized.

Modified Examples

The embodiment exemplified as above may be variously
modified. The specific modified forms will be exemplified as
below. Two or more forms arbitrarily selected from the
following exemplifications can be appropriately combined.

(1) In the above described embodiment, the configuration
in which the belt 14 1s wound around the entire circumfier-
ence ol the measurement site M 1s exemplified, however, a
configuration in which the belt 14 1s wound around only a
part of the measurement site M may be employed.

(2) In the above described embodiment, the blood pres-
sure 1s measured, however, the kind of biological informa-
tion on blood flow 1s not limited to the above described
exemplification. For example, a configuration 1n which the
pulse wave velocity PWV 1s measured as the biological
information on the blood flow may be employed. Note that
the pulse wave velocity PWV 1s preferably used as an index
ol arteriosclerosis.

(3) In the above described embodiment, the configuration
in which the respective centers of the light emitting part E,
the first light recerving part R1, and the second light receiv-
ing part R2 are located on the straight line X 1s exemplified,
however, the positions of the light emitting part E, the first
light receiving part R1, and the second light receiving part
R2 on the straight line X are not limited to the above
described exemplification. For example, as exemplified 1n
FIG. 8, even a configuration 1n which the centers of the light
emitting part E, the first light receiving part R1, and the
second light recerving part R2 are not located on the straight
line X, if the respective parts partially overlap with the
straight line X 1n the plan view, the light emitting part E, the
first light receiving part R1, and the second light receiving
part R2 may be located on the straight line X. Note that,
according to the above described embodiment in which the
respective centers of the light emitting part E, the first light
receiving part R1, and the second light receiving part R2 are
located on the straight line X, the advantage that the detec-
tion signals S that enable higher-accuracy specification of
the biological information may be generated 1s remarkably
significant.

(4) In the above described embodiment, the configuration
in which the light emitting part E, the first light receiving
part R1, and the second light receiving part R2 all com-
pletely overlap with the artery A 1n the plan view 1s exem-
plified, however, the configuration 1n which the respective
light emitting part E, first light recerving part R1, and second
light receiving part R2 overlap with the artery A 1s not
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essential. That 1s, the position of the straight line X with
respect to the artery A 1s not limited to the above described
exemplification, but a configuration 1n which the light emat-
ting part E, the first light receiving part R1, and the second
light recerving part R2 do not overlap with the artery A in the
plan view may be employed. That 1s, the configuration in
which the light emitting part E, the first light recerving part
R1, and the second light receiving part R2 do not overlap
w1th the artery A in the plan view may be employed as long
as the coherent light output from the light emitting part E
may reach the first light receiving part R1 and the second
light recerving part R2 with light reception intensity that can
ensure predetermined accuracy in the specification of the
biological information on the blood tlow. Note that, accord-
ing to the above described embodiment in which the light
emitting part E, the first light receiving part R1, and the
second light recerving part R2 overlap with the artery A,
higher light reception intensity may be obtained, and
thereby, there 1s an advantage that the biological information
may be specified with higher accuracy.

(3) In the above described embodiment, the measuring
apparatus 100 generates and displays the biological infor-
mation, however, a separate apparatus ifrom the measuring,
apparatus 100 can generate and display the biological infor-
mation. For example, generation and display of the biologi-
cal information can be realized using a terminal apparatus
(c.g. cell phone or smartphone) communicable with the
measuring apparatus 100. Specifically, the measuring appa-
ratus 100 generates and transmits the first detection signal
S1 and the second detection signal S2 to the terminal
apparatus. The terminal apparatus generates the biological
information on the blood flow from the first detection signal
S1 and the second detection signal S2 received from the
measuring apparatus 100, and allows the display device 24
ol the terminal apparatus to display the information. Accord-
ing to the modified example, a configuration 1n which one or
both of the memory device 22 and the display device 24 are
provided in the terminal apparatus can be employed. Or, a
configuration in which one or both of the specification part
32 and the reporting part 34 are provided in the terminal
apparatus (e.g. a configuration realized by an application
executed 1n the terminal apparatus) may be employed. As
will be understood from the above explanation, the measur-
ing apparatus 100 may be realized by a plurality of appa-
ratuses separately formed from one another.

(6) In the above described embodiment, the configuration
including the light emitting part E, the first light receiving
part R1, and the second light receiving part R2 located on the
single straight line X along the artery A 1s exemplified,
however, a configuration including a plurality of sets of the
light emitting part E, the first light receiving part R1, and the
second light receiving part R2 may be employed. For
example, 1 a configuration exemplified in FIG. 9, a plurality
ol detection parts 50 corresponding to straight lines X (X1,
X2) parallel to each other are provided. In FIG. 9, the
detection part S0A and the detection part 50B are exempli-
fied for convenience, however, three or more detection parts
50 can be provided. Each of the plurality of detection parts
50 has the light emitting part E, the first light receiving part
R1, and the second light receiving part R2. The light
emitting part E, the first light receiving part R1, and the
second light receiving part R2 1n any one detection part 50
are located on the straight line X corresponding to the
detection part 30. Specifically, the light emitting part E, the
first light recerving part R1, and the second light receiving
part R2 of the detection part 50A are located on the straight
line X1 and the light emitting part E, the first light receiving
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part R1, and the second light receiving part R2 of the
detection part S0B are located on the straight line X2. The
straight line X1 and the straight line X2 extend 1n parallel to
cach other at a predetermined distance. The straight line X1
1s located near e.g. a radial artery and the straight line X2 1s
located near e.g. an ulnar artery. As described above, the
straight line X1 connecting the first light receiving part R1
and the second light receiving part R2 of the detection part
50A (an exemplification of one detection part) and the
straight line X2 connecting the first light receiving part R1
and the second light receiving part R2 of the detection part
50B (an exemplification of the other detection part) are
parallel to each other on the detection surface 28.

In the configuration of FIG. 9, biological information can
be specified from respective detection signals S (S1, S2)
generated by the light emitting part E and the respective light
receiving parts R on the straight line X1 and detection
signals S (S1, S2) generated by the light emitting part E and
the respective light recerving parts R on the straight line X2.
According to the above described configuration, of the
detection signals S generated by the light receiving parts R
located on the respective straight lines X, the detection
signals S that enable higher-accuracy specification of bio-
logical information (e.g. the detection signals S having
higher SN-ratios) can be selected for specification of bio-
logical information. Or, a configuration 1n which average
values of biological information of both are calculated as
definitive biological information may be employed. As will
be understood from the above explanation, according to the
configuration including the plurality of detection parts 50,
compared to the above described embodiment 1including the
light emitting part E, the first light recerving part R1, and the
second light receiving part R2 located on the single straight
line X, the plurality of detection signals S according to the
states of the diflerent positions of the living organism can be
generated. Note that different distances 6 from one another
may be employed for the light emitting part E and the light
receiving parts R with respect to each of a plurality of
straight lines X.

(7) In the above described embodiment, the measuring
apparatus 100 including the belt 14 and the casing part 12 1s
exemplified, however, the specific form of the measuring
apparatus 100 1s arbitrary. For example, the measuring
apparatus 100 having any form such as a patch-type that can
be attached to the body of the subject, an earring-type that
can be worn on the auricle of the subject, a finger-worn-type
(e.g. nail-worn-type) that can be worn on the finger tip of the
subject, or a head-mounted type that can be worn on the head
of the subject may be employed. Note that, for example, the
possibility of interferences with daily activities 1s assumed
when the measuring apparatus 100 of the finger-worn-type
or the like 1s worn, and therefore, in view of constant
measurement without interferences with daily activities, the
measuring apparatus 100 in the above described form that
can be worn on the wrist of the subject with the belt 14 1s
particularly preferable. Or, measuring apparatuses 100 hav-
ing forms mounted (externally mounted, for example) on
various electronic apparatuses such as wrist watches may be
realized.

(8) The preferred embodiments of the invention may be
specified as the detection device 26 alone. The detection
device 26 1s e.g. a sensor module 1n which the light emitting
part E, the first light receiving part R1, and the second light
receiving part R2 are provided on a substrate.

The entire disclosure of Japanese Patent Application No.
2016-1396773 1s hereby incorporated herein by reference.
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What 1s claimed 1s:

1. A detection device that generates a first detection signal
and a second detection signal used for specification of
biological information on blood flow of a measurement site,
comprising:

a light emitting part that outputs coherent light;

a first light receiving part that generates the first detection
signal according to a light reception level of the coher-
ent light output from the light emitting part and passing
through an artery of the measurement site; and

a second light receiving part that generates the second
detection signal according to the light reception level of
the coherent light output from the light emitting part
and passing through the artery,

wherein the light emitting part, the first light receiving
part, and the second light recerving part are provided on
a detection surface facing the measurement site and
located on a straight line, and the first light receiving
part and the second light receiving part are located at an
equal distance from the light emitting part on opposite
sides to each other with the light emitting part in
between.

2. The detection device according to claim 1, wherein the
first light receiving part and the second light receiving part
are located at a distance from 0.5 mm to 3 mm from the light
emitting part.

3. The detection device according to claim 1, wherein the
first light receiving part and the second light receiving part
are located at a distance from 1 mm to 1.5 mm from the light
emitting part.

4. A detection device that generates detection signals used
for specification of biological information on blood flow of
a measurement site comprising a plurality of detection parts,

cach of the plurality of detection parts includes:

a light emitting part that outputs coherent light;

a first light receiving part that generates a first detection
signal according to a light reception level of the coher-
ent light output from the light emitting part and passing
through the measurement site; and

a second light recerving part that generates a second
detection signal according to the light reception level of
the coherent light output from the light emitting part
and passing through the measurement site,

wherein the light emitting part, the first light receiving
part, and the second light rece1ving part are provided on
a detection surface facing the measurement site and
located on a straight line, and the first light receiving
part and the second light receiving part are located at an
equal distance from the light emitting part on opposite
sides to each other with the light emitting part 1n
between, and

of the plurality of detection parts, a straight line connect-
ing the first light receiving part and the second light
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receiving part of one detection part and a straight line
connecting the first light recerving part and the second
light receiving part of the other detection part are
parallel to each other on the detection surface.

5. A measuring apparatus that specifies biological infor-

mation on blood tlow of a measurement site, comprising:

a light emitting part that outputs coherent light to the
measurement site;

a first light receiving part that generates a first detection
signal according to a light reception level of the coher-
ent light output from the light emitting part and passing
through an artery of the measurement site;

a second light receiving part that generates a second
detection signal according to the light reception level of
the coherent light output from the light emitting part
and passing through the artery; and

a specification part that specifies the biological informa-
tion from the first detection signal and the second
detection signal,

wherein the light emitting part, the first light receiving
part, and the second light rece1ving part are provided on
a detection surface facing the measurement site and
located on a straight line, and the first light receiving
part and the second light receiving part are located at an
equal distance from the light emitting part on opposite
sides to each other with the light emitting part 1n
between.

6. A measuring apparatus that specifies biological infor-

mation on blood flow of a measurement site, comprising;:

a belt for attaching the measuring apparatus to the mea-
surement site;

a light emitting part that outputs coherent light to the
measurement site;

a first light receiving part that generates a first detection
signal according to a light reception level of the coher-
ent light output from the light emitting part and passing,
through an artery of the measurement site;

a second light receiving part that generates a second
detection signal according to the light reception level of
the coherent light output from the light emitting part
and passing through the artery; and

a specification part that specifies the biological informa-
tion from the first detection signal and the second
detection signal,

wherein the light emitting part, the first light receiving
part, and the second light recerving part are provided on
a detection surface facing the measurement site and

located on a straight line along a width direction of the
belt, and the first light receiving part and the second
light receiving part are located at an equal distance
from the light emitting part on opposite sides to each
other with the light emitting part in between.
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